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WHEEL SPEED CALCULATION METHOD 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
5 The present invention relates to an improvement in a wheel 

speed calculation method for brake control designed for 
calculating the wheel speed used for brake control at the 
calculation timing of a given period based on a pulse signal 
provided by shaping the waveform of a detection signal of a 

10 wheel speed sensor* 

2» Description of the Related Art 

The following art is already known, for example/ in 
JP-A-2-44258, etc . : To obtain the wheel speed used for antilock 
brake control and traction control of a brake, switching can 

15 be performed between the state in which the wheel speed is 
calculated using both the rising and falling edges and the state 
in with the wheel speed is calculated using either the rising 
or falling edge depending on the greater-than or less-than 
relationship between the number of the rising edges and that 

20 of the falling edges of a pulse signal occurring at the 
calculation timing of a given period within the calculation 
period. 

By the way, in the related art, the purpose of calculating 
the wheel speed using either the rising or falling edge is to 
25 avoid an increase in the load on software for performing 
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calculation processing of the wheel speed. However, to 
calculate the wheel speed based on either the rising or falling 
edge, if an error occurs in a wheel speed sensor, a comparatively 
large error occurs in the calculation processing result of the 
5 wheel speed, resulting in degradation of the brake control 
accuracy - 

• SUMMARY OF THE INVENTION 
It is therefore an object of the invention to provide 
10 a wheel speed calculation method for brake control, if an error 
occurs in a wheel speed sensor, the method for making it possible 
to absorb the error as much as possible and calculate the wheel 
speed, with good accuracy, contributing to improvement in the 
brake control accuracy. 
15 To the end, according to a first aspect of the invention, 

there is provided a wheel speed calculation method wherein, 
to calculate wheel speed at the calculation timing of a given 
period based on a pulse signal provided by shaping the waveform 
of a detection signal of a wheel speed sensor, the wheel speed 
20 sensor including a rotor with a plurality of detected elements 
rotating with wheel which is a controlled object, 

when both rising and falling edges occur in the present 
calculation period, wheel speed VW is calculated as follows: 
VW = [K x {Nu(r0 + Nd(n)}]/{ATu(n) + ATd(n)} 
25 when a rising edge does not occur although a falling edge 
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occurs in the present calculation period, the value of VWl or 
VW2, whichever is the lower, is selected as the wheel speed 
VW, Wl and VW2 being calculated as follows: 

VWl = [K x {Nu(n - 1) + Nd(n)}]/{ATu(n - 1) + ATd(n)} 
5 VWl = [Kx{l + Nd(n)}]/{ATu( + ATd(n)} 

when a falling edge does not occur although a rising edge 
occurs in the present calculation period, the value of VW3 or 
VW4, whichever is the lower, is selected as the wheel speed 
VW, W3 and VW4 being calculated as follows: 
10 VW3 = [Kx{M/(n) + Nd(n-l)}]/{ATu(n) + ATd(ri-l)} 

VW4 = [K x {Nu(n) + l}]/{A7w(w) + ATdt) 

when neither a rising edge nor a falling edge occurs in 
the present calculation period, a comparison, is made between 
the minimum value of VW5 to W7 and the preceding wheel speed 
15 VW and the minimum value or the preceding wheel speed VW, 
whichever is the lower, is selected as the present wheel speed 
VW, VW5 to VW7. being calculated as follows: 
VWS - [K x {l + Nd(n - !)}]/{A7w/ + ATd{n - 1)} 
VW6 = [K x {Nu(n - 1) + \}]/{ATu(n - 1) + ATdt} 
20 VW1 = (K x 2) l(ATul + ATdt) 

wherein ATu(n) is the rising side speed calculation reference 
time between the in$tant at which the last rising edge of the 
pulse signal in the preceding calculation period occurs and 
the instant at which the last rising edge in the present 
25 calculation period occurs, ATd(n) is the falling side speed 
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calculation reference time between the instant at which the 
last falling edge of the pulse signal in the preceding 
calculation period occurs and the instant at which the last 
falling, edge in the present calculation period occurs, Nu (n) 
5 is the number of occurrences of the rising edge within the rising 
side speedcalculation reference time ATu(n) , Nd(n) is the number 
of occurrences of the falling edge within the falling side speed 

calculation reference time ATd (n) , ATut is the rising side speed 
calculation temporary reference time between the instant at 

10 which the last rising edge occurs and the present calculation 
timing when no rising edge occurs in the present calculation 
period, ATdt is the falling side speed calculation temporary 
reference time between the instant at which the last falling 
edge occurs and the present calculation timing when no falling 

15 edge occurs in the present calculation period/ K is a' constant 
determined in response to the tire to which calculation of the 
wheel speed is applied and the number of detected elements of 
a rotor of the wheel speed sensor, and ATu(n-l), : ATd(n-l), 
Nu(n-l), and Nd(n-l) are the value of the rising side speed 

20 calculation reference time ATu(n), the value of the falling 
side speed calculation reference time ATd(n) , the value of the 
number of occurrences Nu(n), and the value of the number of 
occurrences Nd(n) in the preceding calculation period 
respectively* 

25 According to a second aspect of the invention, there is 
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provided a wheel speed calculation method as set forth in the 
first aspect calculates wheel speed used for brake control. 

According to a third aspect of the invention, there is 
provided a wheel speed calculation method as set forth in the 
5 second aspect, the wheel speed VW is calculated in a control 
unit for the brake. 

According to the calculation method, when both the rising 
and falling edges occur in the present calculation period, the 
control unit calculates the wheel speed VW using the rising 

10 speed calculation reference time ATu(n) between the instant 
at which the last rising edge of the pulse signal in.the preceding 
calculation period occurs and the instant at which the- last 
rising edge in the present calculationperiod occurs , the falling 
speed calculation reference time ATd(n) between the instant 

15 at which the last falling edge of the pulse signal in the preceding 
calculation period occurs and the instant at which the last 
falling edge in thepresent calculationperiodoccurs, the number 
of occurrences of the rising edge Nu{n) r and the number of 
occurrences of the falling edgeNd(n) . Thus, if an error occurs 

20 in the wheel speed sensor, the method makes it possible to absorb 
the error as much as possible and calculate the wheel speed 
with good accuracy and thus contribute to improvement in the 
brake control accuracy as compared with that for calculating 
the wheel speed based only on the rising or falling edge. When 

25 the rising edge does not occur although the falling edge occurs 
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in the present calculation period or when the falling edge does 
not occur although the rising edge occurs in the present 
calculation period, whichever is the lower, is selected as the 
wheel speed VW. VW1, VW3 is calculated determining that the 
5 ' speed calculation reference time and the number of occurrences 
of the falling or rising edge not occurring in the present 
calculation period are the speed calculation reference time 
ATu(n-l), ATd(n-l) and the number of occurrences Nu(n-l), 
Nd.(n-l) in the preceding calculation period, VW2, VW4 .is 

10 . calculated using the speed calculation temporary reference time 
ATut, ATdt between the instant at which the edge not occurring 
in the present calculation period occurs last and the present 
calculation timing and the number of occurrences "1." Thus, 
the wheel speed is calculated on the safety side for the brake 

15 control while calculation is performed considering the. error 
of the wheel speed sensor. If an error occurs in the wheel 
speed sensor, the method makes it possible to absorb the error 
as much as possible and calculate the wheel speed with good 
accuracy and. thus contribute to improvement in the brake control 

20 accuracy as compared with that for calculating the wheel speed 
based only on the rising or falling edge. Further, when neither 
the rising edge nor the falling edge occurs in the present 
calculation period as the wheel speed becomes extremely low, 
a comparison is made between the minimum value of VW5, VW6 

25 calculated using the speed calculation temporary reference time 
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ATut, ATdt and the number of occurrences "1" for one of the 
rising and falling edges and the speed calculation reference 

time ATu(n-l) , ATd(n-l) and the number of occurrences Nu(n-l) , 
Nd(n-l) in the preceding calculation period for the other edge, 
5 and. VW7 calculated using the speed calculation temporary 
reference time ATut and ATdt and the number of occurrences "1" 
for both the rising and falling edges and the preceding wheel 
speed/ and the minimum value or the preceding wheel speed, 
whichever is the lower, is selected as the present wheel speed 

10 W. That .is, the wheel speed is calculated on the safety side 
for the brake control while the time passage of the wheel speed 
as well as the error of the wheel speed sensor is considered. 
If an error occurs in the wheel speed sensor, the method makes 
it possible to absorb the error as much as possible and calculate 

15 the wheel speed with good accuracy and thus contribute to 
improvement in the brake control accuracy as compared with that 
for calculating the wheel speed based only on the rising or 
falling edge. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram to show the configuration of 

a vehicle brake control apparatus of a first embodiment; 

FIG- 2 is a timing chart to show an example of a pulse 

signal; and 

25 FIG* 3 is a block diagram to show the configuration of 
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a vehicle brake control apparatus of a second embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to the accompanying drawings, there is shown 
5 a preferred embodiment of the invention.. 

FIGS. 1 and 2 show a first embodiment of the invention; 
FIG- 1 is a block diagram to show the configuration of a vehicle 
brake control apparatus and FIG. 2 is a timing- chart to show 
an example of a pulse signal. 
10 First, in FIG.. 1, a wheel speed sensor 1 is a passive 

sensor including a rotor having a plurality of protrusions 2a* . . 
on the outer periphery for rotating together with a wheel to 
be controlled and a pickup coil 4 wound around a permanent magnet 
3. An AC voltage occurring on the pickup coil 4 in response 
15 to rotation of the rotor 2 is input to a waveform shaping circuit 
5, whereby the AC voltage is converted into a pulse signal. 
On the other hand, to perform antilockbrake control and traction 
control, a brake actuator 6 is controlled, by a control unit 
7. The pulse signal is input from the waveform shaping circuit 
20 5 to the control unit 7. 

The control unit 7 calculates the wheel speed used for 
brake control at the calculation timing of a given period based 
on the pulse signal and controls the brake actuator 6 in response 
to the calculated wheel speed. To calculate the wheel speed, 
25 the control unit 7 calculates wheel speed VW using both the 
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rising and falling edges of the pulse signal. 

By the way, when the pulse signal input from the waveform 
shaping circuit 5 to the control unit 7 is the signal shown 
in FIG . 2, the control unit 7 calculates the wheel speed VW 
5 at the calculation timing of given period ATE, for example, 
10 msec. The pulse signal may be applied to (R) the case where 
both the rising and falling edges occur in the given- period 
ATE; (B) the case where the rising edge does not occur although 
the falling edge occurs in the given period ATE; (C) the case 

10 where the falling edge does not occur although the rising edge 
occurs- in the given period ATE; (D) the case where neither the 
rising edge nor the falling edge occurs in. the given period 
ATE. The control unit 7 calculates the wheel speed VW according 
to the calculation method responsive to (A) to (D) . 

15 First, when. both the rising and falling edges occur in 

the present period, the control unit 7 calculates the wheel 
speed VW according to the following expression . (1) : 

VW = [K x {Nu(p) + Nd(n)}]/{ATu(n) + ATd(n)} ( 1 ) 
wherein ATu(n) is the rising side speed calculation reference 

20 time between the instant at which the last rising edge of the 
pulse signal in the preceding calculation period occurs and 
the instant at which the last rising edge in the present 
calculation period occurs, ATd(n) is the falling side speed 
calculation reference time between the instant at which the 

25 last falling edge of the pulse signal in the preceding 
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calculation period occurs and the instant at which the last 
falling edge in the present calculation period occurs, Nu(n) 
is the number of occurrences of the rising edge within the rising 
side speedcalculation reference time ATu (n) , Nd(n) is the number 
5 of occurrences of the falling edge within the falling side speed 
calculation ref erence time ATd(n) , and K is a constant determined 
in response to the tire to which calculation of the. wheel speed 
is applied and the number of the protrusions 2a of the rotor 
2 of the wheel speed, sensor 1. 
10 When the rising edge does not occur although the falling 

edge occurs in the present calculation period/ the control unit 
7 performs calculations according to the following expressions 
(2) and (3) : 

^l = [Kx{AT w (*-l) + A^^^ (2) 

15 VfV2^[Kx{l^Nd(n)}]/{ATut + ATd(n)} (3) 

wherein ATut is the rising side speed calculation temporary 
reference time between the instant at which. the last rising 
edge occurs and the present control timing and ATu(n-l) and 
Nu(n-l) are the value of the rising side speed calculation 

20 reference time ATu (n) and the value of the number of occurrences 
Nu(n) in the preceding calculation period. 

The control unit 7 selects VW1 or VW2, whichever is the 
lower, as the wheel speed VW. 

When the falling edge does not occur although the rising 

25 edge occurs in the present calculation period, the control unit 
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7 performs calculations according to the following expressions 
(4) and (S) ; 

VW3 = [Kx {Nu(n) + Nd(n - \)}]/{ATu(rf) + ATd(n - 1)} { 4 ) 

VW4 = [K x {Nu(n) + l}]/{A7x/(n) + A7<#} ( 5 ) 

5 wherein ATdt is the falling side speed calculation temporary 

reference time between the instant at which the last falling 

edge occurs and the present control timing and ATd(n-l) and 

Nd(n-l) are the value of the falling side speed calculation 

reference time ATd (n) and the value of the number of occurrences 
10 Nd(n) in the preceding calculation period. 

= The control unit 7 selects VW3 or VW4, whichever is the lower; 

as the wheel speed VW. 

Further, when neither the rising edge nor the falling 

edge occurs in the present calculation period, the control unit 
15 7 perf ormscalculations according to the following expressions 

(6) to (8) : 

VW5 = [Kx{l + Nd(n - V)}]/{ATut + ATd(n - 1)} ( 6 ) . 

VW6 = [K x {Nu(n - 1) + l}]/{A7*/(/7 - 1) + ATdl} ( 7 ) 
VW7 = (Kx2)/(ATut + ATdt) (8). 

20 The control unit 7 makes a comparison between the minimum 

value of VW5 to VW7 and the preceding wheel speed VW and selects 
the minimum value or the preceding wheel speed VW, whichever 
is the lower, as the present wheel speed VW. 

By the way, in FIG- 2, calculation of the wheel speed 

25 VW at calculation timings Tl to T6 after calculation processing 
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is started at time to will be discussed with tl to til given 
to the necessary times of the occurrence times of the rising 
and falling edges. At the calculation timing Tl, the control 
unit 7 calculates the wheel speed VWusing calculation expression 
5 (1) applied when both the rising and falling edges occur . . Nu(n) 
= 3, Nd(n) =3, ATu(n) = (t2-t0), andATd(n) = (tl-tO) and.thus 
VW = {K X (3+3) }/{ (t2-t0) + (tl-tO)}. 

At the calculation timing T2 , the control unit 7 calculates 
the wheel speed VW using calculation expression (1) applied 

10 when both the rising and falling edges occur. . Nu(n) = 2, Nd(n) 
• = 2, ATu(n) = (t4-t2), and ATd(n) = (t3-tl) and thus VW = {K 
X (2+2) }/{ (t4-t2) + (t3-tl)}. 

At the calculation timing T3, the control unit 7 calculates 
the wheel speed VW using calculation expression (1) applied 

15 when both the rising and falling edges occur. Nu{n) =1,. Nd(n) 
= 1, ATu(n) = (t6-t4), and ATd(n) = (t5-t3) and thus VW = {K 
X (1+1) }/{ (t6-t4) + <t5~t3)>. 

At the calculation timing T4 of the time t8, the control 
unit 7 calculates VW1 and VW2 using calculation expressions 

20 (2) and (3) applied when the rising edge does not occur although 
the falling edge occurs. Nu(n-l) ~ 1, Nd(n) = 1, ATu(n-l) = 
(t6-t4), ATd{n) = (t7-t5), and ATut = (t8-t6) . Thus, VW1 = 
IKX (!+!)}/{ (t6-t4) + (t7-t5) } and VW2 = (KX (1+1) }/{ (t8-t6) 
+ (t7-t5) }. The control unit 7 selects VW1 or VW2, whichever 

25 is the lower, as the wheel speed VW. 
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At the calculation timing T5 of the time tlO, the control 
unit 7 calculates VW3 and VW4 using calculation expressions 
(4) and (5) applied when the falling edge does not occur although 
the rising edge occurs . Nu(n) =1, Nd(n-l) = 1, ATu{n) = (t9-t6) , 
5 ATd(n-l) = (t7-t5)., and ATdt = (t!0H;7) , Thus, VW3 = (K X 
(1+1) }./{ (t9-t6) + (t7-t5) } and VW4 = {K X (1+1) }/{ (t9-t6) + 
(tl0-t7) }. The control unit 7 selects WJ3 or VW4, whichever 
is the lower, as the wheel speed VW* 

Further, at the calculation timing T.6 of . the time tll f 

10 the control, unit 7 calculates VW5 to VW7 using calculation 
expressions .(6) to (8) applied when neither the. rising edge 
nor the falling edge occurs. Nd(n-l) = l,Nu(n-l) « 1, ATu(n-l) 
= (t9-t6), ATd(n-l) - (t7-t5), ATut- (tll-t9) , and ATdt = 
ltil-t7).- Thus, VW5=.{KX ( 1+1 ) } / { ( tll-t 9) + (t7-t5)}, VW6 

15 = {KX (1+1) }/{ (t9-t6) + (tll-t7) }, andVW7= ( K X 2 ) / { A (tll-t9) 
+ (tll-t7) } , Therefore, the control unit 7 makes a comparison 
between the minimum value of VW5 to VW7 and the wheel speed 
provided at the preceding calculation timing and selects the 
minimum value., or the wheel speed, whichever is the lower, as 

20 the present wheel speed VW at the calculation timing T6. 

Next, the operation of the embodiment is as follows : The 
control unit 7 calculates the wheel speed VW used for controlling 
the brake actuator 6 based on the pulse signal providedby shaping 
the waveform of the detection signal of the wheel speed sensor 

25 1 by the waveform shaping circuit 5. To calculate the wheel 
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speed, the control unit 7 uses both the rising and falling edges 
of the pulse signal. When both the rising and falling edges 
occur in the present calculation period, the control unit 7 
calculates the wheel speed VW according to expression (1) 
5 mentioned above. 

That is, if both the rising and falling edges occur in 
the present calculation period, the control unit 7 calculates 
the wheel speed VW using the rising side speed calculation 
reference time ATu(n) between the instant at which the last 

10 rising. edge of the pulse signal in the preceding calculation 
period occurs. and the instant at which the last rising edge 
in the present calculation period occurs, the falling side speed 
calculation reference time ATd(n) between the instant at which 
. the last falling edge of the pulse signal in the preceding 

15 calculation period occurs and the instant at which the last 
falling edge in the present calculation periodoccurs, the number 
of occurrences of the rising edge Nu{n) 7 and. the number of 
occurrences of the falling edge Nd(n) . If an error occurs in 
the wheel speed sensor 1, the control unit can absorb the error 

20 as much as possible and calculate the wheel speed VW with good 
accuracy and thus can contribute to improvement in the brake 
control accuracy as compared with the apparatus for calculating 
the wheel speed based only on the rising or falling edge. 

When the rising edge does not occur although the falling 

25 edge occurs in the present calculation period, the control unit 
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7 selects VW1 or VW2 calculated according to expressions (2) 
and (3) mentioned above, whichever is the lower, as the wheel 
speed VW. That is, VWl is the wheel speed calculated using 
the falling side speed calculation reference time ATd(n) and 
the number of occurrences of the falling edgeNd (n) in the present 
calculation period and the rising side speed calculation 
reference time ATu(rt-l) and the number of occurrences of the 
rising edge Nu(n-l) in the preceding calculation period. W2 
is. the wheel speed calculated using the falling side speed 
calculation reference time ATd(n) and the number of occurrences 
of the falling edge Nd(n) in the present calculation period 
and the rising side speed calculation temporary reference time 
ATut between the instant at which the last rising edge occurs 
and the present calculation timing and the number of occurrences 
"1" VWl or VW2, whichever is the lower, is selected as the 
wheel speed VW. 

When the falling edge does not occur although the rising 
edge occurs in the present calculation period, the control unit 
7 selects VW3 or VW4 calculated according to expressions (4) 
and (5) mentioned above, whichever is the lower, as the wheel 
speed VW. That is, VW3 is the wheel speed calculated using 
the rising side speed calculation reference time ATu(n) and 
the number of occurrences of the rising edge Nu (n) in the present 
calculation period and the falling side speed calculation 
reference time ATd(n-l) and the number of occurrences of the 
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falling edge Nd(n-l) in the preceding calculation period. VW4 
is the wheel speed calculated using the rising side speed 
calculation reference time ATu (n) and the number of occurrences 
of the rising edge Nu (n). in the present calculation period and 
5 the falling side speed calculation temporary reference time 
ATdt between the instant at which the last falling edge occurs 
and the present calculation timing and the number of occurrences 
"1" VW3 or- whichever is the lower, is selected as the 
. wheel speed VW* 

10 Thus, when the rising edge does not occur although the 

falling, edge occurs. in the present calculation period, or when 
the falling edge does not occur although the rising edge occurs 
■ in the present calculation period, the wheel speed VW is 
calculated on the safety side for the brake control while 

15 calculation is performed considering the error of the wheel 
speed sensor 1. If an error occurs in the wheel speed sensor 
1, the control unit can absorb the error as much as possible 
and calculate the wheel speed VW with good accuracy and thus 
can contribute to improvement in the brake control accuracy 

20 as compared with the apparatus for calculating the wheel speed 
based only on the rising or falling edge. 

Further, when neither the rising edge nor the falling 
edge occurs in the present calculation period, the control unit 
7 makes a comparison between the minimum value of VW5 calculated 

25 using the rising side speed calculation temporary reference 
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time ATut and the number of occurrences "1" for the rising edge 
and the falling side speed calculation reference time ATd(n-l) 
and the number of occurrences of the falling edge Nd(n-l) in 
the preceding calculation period for the falling edge, VW6 
5 calculated using the falling side speed calculation temporary 
reference time ATdt and the number of occurrences "1" for the 
falling edge and the rising side speed calculation reference 
time ATu(h-l) and the number of occurrences of the rising edge 
Nu (n-1) in the preceding calculation period.f or the rising edge, 

10 and VW7 calculated using the rising side speed calculation 
temporary reference time ATut and the falling side speed 
calculation temporary reference time ATdt and the number of 
occurrences "1" for the rising and falling edges and the 
preceding wheel speed, and selects the minimum value or the 

15 preceding wheel speed, whichever is the lower, as the present 
wheel speed VW. Thus, the wheel speed VW is calculated on the 
safety side .for the brake control while the time passage of 
the wheel speed VW as well as the error of the wheel speed sensor 
1 is considered- If an error occurs in the wheel speed sensor 

20 1, the control unit can absorb the error as much as possible 
and calculate the wheel speed VW with good accuracy and thus 
can contribute to improvement in the brake control accuracy 
as compared with the apparatus for calculating the wheel speed 
VW based only on the rising or falling edge. 

25 FIGS. 1 and 2 show one embodiment of the invention; FIG. 
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1 is a block diagram to show the configuration of a vehicle 
brake control apparatus and FIG. 2 is a timing chart to show 
an example of a pulse signal. 

FIGS, 3 shows a second embodiment of the invention* A 
wheel speed sensor 8 is. a passive sensor including, a rotor 9 
having a plurality of detected elements 9a, 9a... on one outer 
periphery surface for rotating together with. a wheel to be 
controlled and a pickup coil 4 wound around a permanent magnet 
3. The detected elements 9a, 9a~ is formed with a plurality 
of recessed portion 9b, 9b... or a plurality of holes, disposed 
on-one outer periphery, surf ace at equal space in circumferential 
direction. An AC voltage occurring on the pickup coil 4 in 
response to rotation of the rotor 9 is input to a waveform shaping 
circuit 5, whereby the AC voltage is converted into a pulse 
signal. Toperf ormantilockbrake control and tract ion control, 
a brake actuator 6 is controlled by a control unit 7 . The pulse 
signal is input from the waveform shaping circuit 5 to the control 
unit 7. 

The control unit 7 calculates the wheel speed used for 
brake control at the calculation timing of a given period based 
on the pulse signal and controls the brake actuator 6 in response 
to the calculated wheel speed, as well as the first embodiment. 

This second embodiment effects the similar advantage as 
that of the first embodiment. 

Although the embodiment of the invention has been 
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described, it is to be understood that the invention is not 
limited to the embodiment described above and changes and 
variations may be made without departing from the spirit and 
the scope of the invention as claimed. 
5 For example^ the embodiment has been described with the 

passive wheel speed sensor 1, but the invention can also be 
. applied to an active wheel speed sensor using a Hall element* 
As described above, according to the invention, if an 
error occurs in. the wheel speed sensor, the control unit can 
10 absorb the error as much as possible and calculate the wheel 
speed with good accuracy, contributing to improvement in the 
brake control accuracy. 
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